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The detection of genetic polymorphisms is becoming
increasingly important and so new methods that pro-
mote fast and efficient analysis will become necessary.
In many cases, we can find individuals who are homozy-
gous for different alleles. Evaluating the DNA sequences
of these alleles is straightforward, for instance, by direct
sequencing of an amplified PCR product. However, if we
are looking for very rare or lethal alleles and, as a con-
sequence, there is only a very low or even no chance
of finding homozygous individuals for investigation, we
have to use heterozygous individuals for genetic analy-
sis. To avoid artefacts from direct DNA sequencing of
heterozygous genomes1, the two alleles must be split
by cloning them into a vector so that each allele can be
investigated separately. To be certain of finding both alle-
les, a number of time-consuming sequencing runs must
be performed. Here, we present a simple way to screen
colonies of interest.
1. Serial SSCP
▼Our method uses the single-strand conformational poly-
morphism (SSCP) technique. SSCPs have been used to de-
tect minor differences such as single point mutations, small
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deletions and frame shifts.2–4 Thus, the method has been
generally shown to be useful for screening polymorphisms.5
The characteristic of our serial SSCP (S-SSCP) method is that
two successive SSCP runs are performed. The first finds poly-
morphisms after amplification of the genomic DNA and the
second uses bacterial colonies as templates after the cloning
step has been carried out to separate the alleles.
2. The method in use
To demonstrate the merits of S-SSCP, we aimed to
discover differences between alleles of the bovine prion
protein. Polymorphisms in this gene have been found
before by SSCP analysis but the sequences have not been
revealed.6 Animals from different breeds were selected and
DNA was isolated from EDTA-treated blood using standard
procedures.7 Primers (5′-TCCTGGTTCTCTTTGTGG-3′, 5′-
CACATGCTTCATGTTGGTT-3′) were designed to amplify
a fragment that codes for a part of the bovine prion gene.
PCR was carried out in a total volume of 25 µl [50 mM KCl,
10mM Tris–HCl (pH 8.4), 200 µmol of each dNTP (Pharma-
cia), 5 mM MgCl2, 1 U Taq polymerase (Boehringer)] with
initial denaturing at 94◦C for 3 min followed by 32 cycles
of 94◦C for 1 min, 55◦C for 1 min and 72◦C for 1 min.
After PCR, 5 µl of the amplification product were mixed
with 5 µl stop solution (98% formamide, 10 mM EDTA,
0.05% bromophenol blue) and 1 µl SDS solution (0.1% SDS,
0.01% EDTA), and denatured for 10 min at 95◦C. The so-
lution was chilled on ice and loaded on a non-denaturing
gel in 1× TBE containing 10% polyacrylamide (37.5:1 acry-
lamide:bis acrylamide) (Roth, Karlsruhe, Germany). The
gels were run for 5 h without additional cooling at room
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Fig. 1. (a) Silver-stained gel showing the banding pattern after single-strand conformational polymorphism (SSCP) analysis using PCR-amplified genomic
templates. The three alleles A, B and C formed the genotypes AA, AB and BC. (b) Silver-stained gel showing the banding pattern after SSCP analysis using
PCR-amplified inserts of colonies as templates. It is easy to match these to the patterns in (a) that result from the amplification of genomic DNA. The
PCR artefact (Table 1) is indicated; the band in the middle shows a slightly higher mobility than those of the A alleles.
temperature. Finally, they were stained using an alkaline
silver staining procedure.8 To split the alleles, an aliquot of
the PCR amplification was used for cloning into the blue-
script vector pGem4Z (Stratagene, La Jolla, CA, USA). The
recombinant vector was used to transform Escherichia coli
XL1 blue bacteria. After growth and plating, some colonies
were picked and small amounts of DNA were used for a
second PCR reaction to amplify the region of interest; PCR
conditions and processing of products for SSCP analysis
were done in the same manner as with the amplification
products from the genomic templates.
3. Results
In our investigation, three different genotypes were distin-
guished. (Fig. 1 shows the different genotypes after PCR of
the fragments, SSCP analysis and silver staining of the gel.)
After cloning and transformation into XL1 blue, colonies
were detected and a small amount of each colony was used
as a template for a second set of PCR reactions, which were
subsequently subjected to a second SSCP analysis and DNA
sequencing.
Sequence analysis revealed that the SSCP technique un-
der the conditions chosen could detect all of the variations
of the nucleic acid sequences and allowed us to relate the
DNA sequence to the banding pattern from the SSCP anal-
ysis of the amplified inserts. Also, SSCP bands of amplified
fragments from single colonies could be attributed to the
SSCP banding pattern that came from heterozygous ani-
mals after genomic PCR amplification (Fig. 1). Thus, we
were able to prove that the second SSCP analysis using am-
plified inserts of colonies allows us to distinguish which of
the colonies differ from each other and which do not. In-
terestingly, as well as the different alleles, we also found a
PCR artefact by this method (Table 1).
4. Conclusions
To ensure that, in animals with a diploid set of chromo-
somes, both of the alleles will be found with a likelihood
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Table 1. Differences between alleles revealed by DNA sequencing
Allelea Position 180 Octapeptide copies Position 231 Position 234
A G 6 C G
B G 6 C A
C G 5 C G
PCR artefact A 6 T G
aThree different alleles and one PCR artefact were found. The alleles differ at positions 180,
231 and 234, and in a region that codes for a multicopy octapeptide.6 The point mutations in a
fourth ‘allele’ were also detected by PCR analysis but this turned out to be a PCR artefact.
of ∼99.9%, ten colonies must be investigated. Although se-
quencing ten colonies does not appear to be that demand-
ing, the cost and the time of each sequencing job must be
taken into consideration. Also the set-up and the purity re-
quirements for the template, and thus the preparation of
the template DNA, are more time consuming than for a
simple SSCP analysis.
Still, this application is not restricted to the use of SSCP.
It is also possible to modify the whole procedure to adapt it
to specific situations. Any other methods that can discrim-
inate between DNA fragments and that do not rely on the
knowledge of the DNA sequence in advance can be used
instead of SSCP. For instance, all sorts of denaturing gra-
dient gel electrophoresis assays could be used in a similar
manner.
This peer-reviewed article can be cited as: Kriegesmann,
B. et al. (2000) Genetic analysis of heterozygous loci us-
ing the serial single strand conformational polymorphism
technique (S-SSCP). Technical Tips Online T02012.
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Products Used
dNTP: dNTP from PE Applied Biosystems
dNTP: dNTP from Pharmacia
dNTP: dNTP from Promega Corporation
dNTP: dNTP from Roche Molecular Biochemicals
Taq DNA polymerase: Taq DNA polymerase from
PE Applied Biosystems
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Life Technologies (Gibco BRL)
Taq DNA polymerase: Taq DNA polymerase from
Promega Corporation
Taq polymerase: Taq polymerase from Roche
Molecular Biochemicals
Taq polymerase: Taq polymerase from Pharmacia
Taq polymerase: Taq polymerase from Bioline
Taq polymerase: Taq polymerase from Advanced
Biotechnologies
Taq polymerase: Taq polymerase from Roche
Molecular Biochemicals
Taq polymerase: Taq polymerase from Bioline
Acrylamide: Acrylamide from Sigma
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